LiFePO 4 /C cathode material for lithium-ion battery was synthesized with lithium dihydrogen phosphate, iron oxide, and glucose by the high temperature ball milling method. In an attempt to improve the electrochemical performance, the effect of ball: weight ratio was investigated in this paper. The results showed that the best electrochemical performance of LiFePO 4 /C was obtained from the test that was when ball: weight ratio was 10:1 synthesized ball-milling temperature at 650 ℃ for 8 h exhibited an excellent initial discharge capacity of 147.7mAh/g at a rate of 0.1C with small size and distributed uniformly. It shows the excellent electrochemical performance of the product prepared in this work.
INTRODUCTION
With the rapid development of modern science and technology, more and more batteries are demanded on. Lithium ion batteries with the favorable properties of high voltage, long cycling life and non-memory effect is attractive for use in the field of mobile power source [1] . Olivine-structured LiFePO4 which was first reported in 1997, its low cost, abundant raw materials, high thermal stability, nontoxicity, large theoretical capacity (170mAh/g) and high safety make it become an attractive positive electrode material for lithium-ion batteries [2] [3] [4] [5] [6] . However, low conductivity and the low ion diffusion rate restrict to widespread use [7, 8] . To ________________________ improve its electrochemical properties effectively, LiFePO4 can be coated with conducting agents such as carbon [9, 10] or some metal ions [11, 12] .
Several methods have been used to synthesize LiFePO4 cathode material. Such as high temperature solid phase method [13, 14] , carbon thermic reduction method [15] , co-precipitation technique [16, 17] , hydrothermal method [18] [19] [20] , microwave method [21] , sol-gel method [22] [23] [24] , spray pyrolysis [25] and emulsion drying method [26] . Recently, a high-temperature ball milling method was reported. It makes the ball-milling and high-temperature heating occurs simultaneously throughout the process [27] [28] [29] . In the process of high temperature ball milling method, ball: weight ratio is one of the key factors of the reaction, the power of the ball mill enhance with the ball: weight ratio increase, contributes to decrease of the particle size, and promote the reaction. However, when the ball: weight increase to a certain extent, the colliding times between ball to ball increased, the colliding times between balls and powder decreased, and increase the impurities in the products accordingly.
In this work, LiFePO4/C was synthesized with different ball: weight ratios were synthesized by the high temperature ball milling method. In order to investigate the effect of ball: weight ratio on the preparation ofLiFePO4/C.
EXPERIMENTAL
LiFePO4/C was synthesized with LiH2PO4, Fe2O3 and C6H12O6•H2O as raw materials. Stoichiometric amounts of LiH2PO4, Fe2O3 (nLi:nFe=1. 03:1) and C6H12O6•H2O (the amount of glucose addition was selected to obtain a theoretical amount of 3.0 wt% of carbon) were placed in the high temperature ball milling equipment with different ball: weight ratio (5:1, 10:1, 15:1 and 20:1) and the ballmilling temperature at 650℃ for 8 h. In order to prohibit the conversion of Fe2+to Fe3+, the process was conducted under a nitrogen atmosphere.
The structure of the LiFeO4/C particle was characterized by Rigaku D/max-RB diffractometer type X-ray diffraction (XRD) with Cu-Kα radiation. The size of the powers was observed using particle size distribution equipment. Fig. 2 and tables 1 illustrate the particle size distributions of the products prepared with different ball: weight ratio, showing that particle size decreased when ball: weight ratio less than 10:1, particle size increased when ball: weight ratio more than 10:1. The size of the sample obtained with ball: weight ratio was 10:1 had the smallest size and distributed uniformly. It means that when the ball: weight increase to more than 10:1, the colliding times between ball to ball increased, the colliding times between balls and powder decreased. All the above results revealed that LiFePO4/C particles obtained when ball: weight ratio was 10:1 had a single phase formation, a distributed uniformly small size and an excellent electrochemical performance. Therefore, ball: weight ratio of 10:1 is the best ball: weight ratio to synthesis of LiFePO4/C.
RESULTS AND DISCUSSION

CONCLUSIONS
In conclusion, LiFePO4/C cathode material for lithium-ion battery was synthesized with lithium dihydrogen phosphate, iron oxide, and glucose by the high temperature ball milling method. The effects of ball: weight ratios on the performance of the LiFePO4/C were investigated. Results showed that the product synthesized ball-milling temperature at 650 ℃ for 8 h at a ball: weight ratio of 10:1, of which the initial discharge capacityis147.7 at 0.1C-rate.
